Abstract-In the Northeast United States, marine vertebrates come into contact with each other and with humans through a variety of mechanisms which allow for the transfer of pathogens from one taxa to another. Though there are many ways in which humans come into contact with infectious agents, there is an inadequate understanding of the prevalence of clinical and subclinical zoonotic agents in the marine vertebrates of the Northeast United States. We are strengthening our understanding of the issue by targeting marine mammals and seabirds of New England and screening normal and diseased individuals of this ecosystem to establish a baseline prevalence of zoonotic agents in this ecosystem. Samples from stranded, bycaught and wild marine mammals and seabirds have been found to be positive for our screened pathogens. Most notable are the diseases found in bycaught marine mammals as well as wild caught individuals. Our current focus is specifically on influenza A and B, brucellosis, leptospirosis, Giardia and Cryptosporidium. Samples for virology, bacterial screening and molecular screening are being archived and analyzed as practical. Our goal is to create an optimized PCRbased molecular detection protocol for the above agents.
I. INTRODUCTION "Effective species protection should go beyond targeting individual species, and consider species relations within whole ecosystems as well as overall ecosystem functioning. Ecosystem health is identified as a necessary prerequisite for successful species protection in situ" (Baumgartner 2004 ).
This holds true for protecting the human species in our current era of relative insecurity concerning biological threats as it does in other animals. The threat of emerging zoonoses bears serious consideration on ecosystem health. Recent agents of real concern include AIDS from primates, influenza from birds, bovine spongiform encephalopathy from cows and Pfeisteria from dinoflagellates [1] .
There is growing worldwide concern about pollution of coastal marine habitats and wild populations arising from the transfer of fecal material from humans and domesticated animals. Pathogens originating in human and animal feces are transported in runoff from agricultural, suburban and urban land surfaces, wastewater discharges and other sources to rivers and streams, which carry contaminated sediments to estuaries and coastal waters. For instance, tidal regions in the Georges River near Sydney, Australia, which are important recreational and shellfish production sites, had elevated concentrations of Giardia and Cryptosporidium from rainfall and sewage overflows after wet weather events [2] . Protozoa and other pathogens contaminate bathing beaches and infect shellfish, some of which are commercially harvested [3] . Marine vertebrates may become infected either via water-borne transmission or through consumption of infected prey such as shellfish or fish. Some animals, such as gulls, may become infected from foraging directly from sewage outfalls [4] . Thus, marine vertebrates are likely an important source of pathogens in marine waters. Yet, little is known about the role that marine wildlife play in the epidemiology of these pathogens.
In 2) Bacterial culture screening resulted in a wide variety of aerobic and anaerobic bacteria with several human pathogens isolated (Table 1) . Antibiotic resistant bacteria were common in several species of marine mammals. For example, a stranded common dolphin exhibited antibiotic resistant Klebsiella Pneumoniae, resistant to Ampicillin, Carbenicillin, Ticarcillin. One Pseudomonas included resistance to Augmentin, Ampicillin, Carbenicillin, Ceftiofur, Cephalothin, Ticarcillin and Tribrissen in a Cuvier's beaked whale.
3) The molecular screen on 69 samples verified results found by fluorescence assay and by the designated laboratories selected to test screen each agent. The Cryptosporidium molecular screen used only primers for C. parvum, and was not able to recognize the species of Cryptosporidium identified by the fluorescence assay. We have used our molecular screen to positively recognize Brucella, Giardia and Cryptosporidium. These results by taxa, screening methods and sample type can be found in Figure 3. 4) Positive identification of Cryptosporidium and Giardia by PCR 
IV. DISCUSSION
The results obtained from this initial survey of zoonosis in the marine environment suggests there is a wide variety of diseases prevalent, though not necessarily pathogenic. Many of the zoonotic agents identified are found in both marine mammals and seabirds.
One suprising result of this survey is the prevalence of infectious zoonoses in bycaught animals, which are more often than not believed to represent a "healthy" subset of the population. This implies that the origin and method from which animals are obtained do not necessarily represent health, but rather, different environments perhaps for exposure. The observations made in this survey all raise important questions about the role, distribution and ecology of the relationships between pathogens and their hosts. Perhaps most remarkable are the diversity of organisms recovered from the one beaked whale in the series, and the diversity and prevalence of organisms recovered from herring gull oral and cloacal swabs. Of the target zoonoses, Cyptosporidium, Giardia and Brucella were detected. A wide diversity of other zoonotic and noscomial agents were also encountered. Of these isolates, the majority were found in a minority of species (herring gull, harbor seal and white sided dolphin).
The resistance data are still under analysis but of particular interest are isolates showing resistance to entrofloxacin and ciprofloxacin, the former was until recently used in poultry and often confers resistance to the latter, an important therapeutic agent. We plan on analyzing the source locations for each resistant isolate to see if there are any obvious patterns. Similarly chloramphenicol is a banned drug in the US, but still used in aquaculture elsewhere.
The widespread resistance in our isolates bear further examination and analysis in the context of what is known about this subject. It is also interesting that 5/10 of the isolates that showed resistance were from bycaught animals, thus there appears to be a significant subclinical reservoir of multiply resistant organisms in offshore marine mammals. There is linkage between the prevalence of specific zoonotic agents in the different target host species, their antibiotic resistance patterns, and significant industrial sources of such pathogens and resistance such as solid municipal waste, sewage, intensive farming and aquaculture.
Origin of the pathogens found in this survey are still unknown. Several surveys conducted on isolates that have shown resistance have included chloramphenicol resistance and methicillin resistant Staphlococcus aureus (MRSA) have been identified using pulsed field gel electrophoresis (PFGE). This method has shown that transmission of two strains of MRSA is occurring in veterinary practices in Ireland and that one strain may have arisen from human hospitals. The source of the second strain remains to be determined [5] .
In wild populations of animals, resistant bacteria are becoming more common. One pathogen of note includes Aeromonas hydrophila, which induced septicemia in a gray seal. The bacteria, which is pathogenic in immunosupressed seals, is not uncommon in seals, but usually is not pathogenic [6] . Immunosuppression and resistance were also found in samples from 93 harp seals caught in the Greenland sea in 1999. Serum was examined, and anti-Salmonella antibodies were found in the samples from two individuals (seroprevalence 2.2%) [7] .
Similarly, cetaceans express antibiotic resistance. A serological survey of Tursiops in Charleston SC for reactivity to a number of bacteria including zoonoses was very variable but often positive [8] .
With an increasing ability to fingerprint the genetic diversity of zoonotic agents, new species are being identified in marine mammals and seabirds and more cautions are being taken when working in an environment of high exposure. One such organism in our study is evidence for Brucella in marine birds. Marine mammal brucellosis has been identified as two new proposed Brucella species i.e. B. cetaceae and S.
pinnipediae, and represents a new zoonotic threat, but the pathogenicity for humans of the different Brucella species found in cetaceans and pinnipeds still has to be clearly established [9] . Similarly, the Brucella species found in seabirds in this study need to be identified and the risk of zoonotic potential established.
